ABSTRACT The objective of this trial was to study the influence of dietary fiber sources on the gastrointestinal fermentation, digestive enzyme activity, and mucosa morphology of growing Greylag geese. In total, 240 Greylag geese (28-day-old) were allocated to 4 treatments (15 pens/treatment) differing in dietary fiber source: corn straw silage (CSS group), steam-exploded corn straw (SECS group), steam-exploded wheat straw (SEWS group), or steam-exploded rice straw (SERS group). At 112 days of age, 15 birds per group were euthanized to collect samples. No difference (P > 0.05) was found on all the gastrointestinal pH values and ammonia-nitrogen concentrations between the groups. The CSS and SERS groups had a lower (P < 0.05) proportion of acetic acid in the gizzard than the SECS and SEWS groups. The CSS group had a higher VFA concentration in the jejunum (P < 0.05) and acetic acid proportion (P < 0.01) in the ceca, and a lower (P < 0.01) butyric acid proportion than the other groups except for the SECS group. The SECS group had a higher (P < 0.01) acetic acid proportion and lower (P < 0.05) proportions of propionic acid and valeric acid in the ceca than the SEWS and SERS groups. Different fiber sources resulted in different VFA profiles, especially in the gizzard and ceca. Almost all gastrointestinal protease activities of the CSS group were higher (P < 0.05) than the other groups, along with lower (P < 0.01) amylase activities in the duodenum, jejunum, ileum, and ceca. Lipase activity in proventriculus was highest (P < 0.01) in the SEWS group and its cecal activity was lower (P < 0.01) in the SECS and SEWS groups than the CSS and SERS groups with a higher (P < 0.01) lipase activity in the CSS group than the SERS group. The SECS and SERS groups had a higher cellulase activity in the ceca than the CSS and SEWS groups, with a higher (P < 0.01) rectal cellulase activity in the SERS group than the other groups. There was no significant effect (P > 0.05) on the intestinal mucosa morphology. These results suggest that corn straw silage improves protein digestion while steam-exploded straw provides more energy.
INTRODUCTION
As the competition between humans and animals for food supply is becoming increasingly acute, a more sustainable approach would be to make full use of nonfood feedstuff. This would also bring economic benefits as the feed represents the greatest part of the cost of poultry rearing (Boggia et al., 2010) . Grain straw, which is abundant and renewable, could be an important feed resource for ruminants and monogastric animals such as geese (Males, 1987; Mateos et al., 2012 ) if properly processed. There are various methods designed to improve the nutrition value of feed straw, of which ensiling is the most commonly used. is a recent promising pre-treatment technique introduced from manufacturing industry which decreases the fiber proportion and improves digestibility (Guo et al., 2013) . Regardless of the type of of technology used, it is essential to break the lignin-cellulose structure of the cell walls in order to unlock its full nutrition potential (Severe and ZoBell, 2012) .
As a herbivore fowl, geese can utilize fiber feed efficiently, which enables part of their dietary concentrates to be replaced with roughage such as beet or potato meal (Mazanowski, 1985; Kokoszyński et al., 2014) . Substitution of multi-component silages of steamed potatoes and forages (Puchajda et al., 1996) or corn silage (Kokoszyński et al., 2014) can also yield a satisfactory production performance. Recent studies have verified that moderate inclusion of dietary fiber would benefit performance and digestive functions in poultry (Mateos et al., 2012) due to gizzard development (González-Alvarado et al., 2008) , enzyme production (Svihus, 2011) , which would increase nutrient digestibility (Jiménez-Moreno et al., 2009) , and growth performance (Jiménez-Moreno et al., 2011) . It would also improve animal welfare (Van Krimpen et al., 2009) . Indeed, different kinds of fiber have various physicochemical properties (Raninen et al., 2011 ) that determine their bulking effect, fermentation capability, digestive viscosity in the gastrointestinal tract (GIT), consequently contributing to the different transit rates, pH values, volatile fatty acid (VFA) productions, mucosal structures, and corresponding microbiota (Mateos et al., 2012) . It is obvious that fiber inclusion is essential to poultry rearing and fiber sources are likely to make a big difference to nutrition utilization and animal performance.
So far, extensive research has been conducted on the influence of feeding fiber in poultry production, most of which has been carried out with chickens and focusing on fiber inclusion level and animal growth performance. Data concerning other poultry, such as Greylag geese, or other aspects, such as the effect of fiber sources on the GIT functions, are scarce. In order to make full use of fibrous feed in geese feeding, it is very necessary to understand the influence of fiber source on the GIT functions. This study was designed to determine the influence of feeding alternative fibers, corn straw silage (CSS), steam-exploded corn straw (SECS), steamexploded wheat straw (SEWS), and steam-exploded rice straw (SERS) on the gastrointestinal fermentation, digestive enzyme activity, and mucosa morphology of growing Greylag geese.
MATERIALS AND METHODS

Experimental Design and Animal Management
Based on a similar pen weight (4 birds/pen), 240 healthy 28-day-old male Greylag geese were fed a diet containing 30% fibrous straw. Birds were randomly allocated into 4 groups (15 pens/group) differing in dietary fiber source: corn straw silage (CSS group), steamexploded corn straw (SECS group), steam-exploded wheat straw (SEWS group), or steam-exploded rice straw (SERS group), where the corn straw silage was obtained from a local farmer and the steam-exploded straw was purchased from a corporation (Nanjing duke of grass feed technology co., LTD, Nanjing, China). The condition parameters of steam explosion were as follows: container pressure, 2.0 Mpa; steam temperature, 200
• C; heating time, 15 min; batch production, 2.5 ton. The birds were located in an open-style building subdivided by a wire net into 60 pens (1 m × 9 m). The diets (Table 1) were formulated to meet the nutrient requirements (Table 2 ) of growing geese (NRC, 1994) , and pellet diets were fed ad libitum with clean water freely available throughout the trial. At 112 days of 
Chemical Analysis of Dietary Compositions
According to the methods of AOAC (2000), the feeds were analyzed for dry matter (DM, #934.01), crude protein (CP, #954.01), crude fiber (CF, #962.09), Ca (#927.02), and P (#965.17). Samples were dried in an oven at 105
• C for 4 h to determine DM and were used to quantify the total N using the combustion nitrogen analysis (FP-528, Leco, Michigan, MI), where CP was calculated as N×6.25. The CF was determined using an A220 Fiber Analyzer (ANKOM Technology Corp., NewYork, NY). Ca was measured by atomic absorption spectrophotometry (WFX-320, BRAIC, Beijing, China) and P was determined by UV spectrophotometry (UV-VIS 8500, Tianmei Scientific Instrument Corp., Shanghai, China) using the phosphorous vanadium molybdate yellow colorimetric method.
Sampling of GIT Contents and Intestinal Tissue
At slaughter, following evisceration and ligation, about 2 cm of mid-part tissue of each intestinal segment (duodenum, jejunum, ileum, ceca, and rectum) were collected and fixed in 10% formalin solution for tissue sections. The contents of each section (proventriculus, gizzard, duodenum, jejunum, ileum, ceca, and rectum) were placed into a sterile tube and stored at −80 • C. The samples were used for the determination of digestive enzyme activities (protease, amylase, lipase, and cellulase) and fermentation parameters (pH, VFA, and NH 3 -N).
Evaluation of GIT Fermentation
The pH values of the GIT contents were measured with a pH meter (Testo 205, Testo AG, Stuttgart, Germany) with a measurement accuracy of 0.02 units and a NTC (negative temperature coefficient) probe. The supernatant used for the determination of VFA profile and NH 3 -N concentration was prepared by dissolving the GIT contents with deionized water (2:6, w/v) followed by centrifugation for 10 min at 3750×g and 4
• C. The VFA profile was determined by capillary gas chromatography as stated by Erwin et al. (1961) , and NH 3 -N concentration was colorimetrically measured based on the method described by Broderick and Kang (1980) .
Enzyme Assay
The supernatant was prepared as detailed above. The protease activity was determined using the Folin Ciocalteau phenol reagent method (Lowry et al., 1951) and the cellulase was measured in accordance to the dinitrosalicylic acid colorimetric method described by Stellmach et al. (1988) . The amylase and lipase were separately determined by iodo-amylum colorimetry and triglyceride hydrolysis method using kits (Jiancheng Bioengineering Institute, Nanjing, China).
Measurement of Intestinal Mucosa Morphology
The fixative tissue was used to make haematoxylineosin staining paraffin sections as indicated by Chamorro et al. (2007) . Briefly, all samples were dehydrated gradually in an ethanol series (50 to 100%), then embedded in paraffin, sectioned at 6.0 μm, and finally stained with haematoxylin and eosin. For each intestinal segment, 6 transverse sections were prepared and the heights of the 10 longest villi and their corresponding crypts of each section were measured with optical microscopy (Olympus BX40, Japan) at 40×magnification, together with the thickness of the muscularis. The average of the measurements taken from each section was used for further analysis.
Statistical Analysis
A completely randomized design was applied to determine the dietary effect. Data were analyzed by the GLM procedure of SAS (SAS Institute Inc., 2003) . All values were calculated using the average value of each sample as an experimental unit, and then subjected to analysis of variance using the model: Y ij = μ + α i + ij, where μ is the population mean, α i the experimental effect, and ij the residual error. Differences were considered significant at P < 0.05 and treatment means were compared using Duncan's test when the F value of the ANOVA showed P < 0.05.
RESULTS
Effect of Fiber Sources on the GIT Fermentation
The results regarding GIT fermentation are summarized in Table 3 for pH values, NH 3 -N concentrations, and Table 4 VFA profiles, respectively. No significant difference (P > 0.05) was found in the pH values and NH 3 -N concentrations over the groups except that the birds in the CSS group tended to have a higher (P = 0.07) pH value in the jejunum and higher NH 3 -N concentrations in the jejunum (P = 0.09) and ileum (P = 0.07) than the other groups. The birds of the CSS and SERS groups had a lower (P < 0.05) proportion of acetic acid and a higher (P = 0.06) proportion of propionic acid, and a lower (P = 0.06) ratio (A/P) between acetic acid and propionic acid in the gizzard than those of the SECS and SEWS groups. Moreover, the birds in the CSS group had a higher (P < 0.05) concentration of total VFA in the jejunum and a lower proportion of butyric acid in the ceca (P < 0.01) and rectum (P = 0.08) than those in the other groups, as well as a higher (P < 0.01) proportion of acetic acid compared to those in the SEWS and SERS groups. The birds in the SECS group had a higher (P < 0.01) proportion of acetic acid and lower (P < 0.05) proportions of propionic acid and valeric acid in the ceca than those in the SEWS and SERS groups, accounting for the highest (P < 0.01) ratio A/P. Additionally, the ratio A/P in the ileum tended (P = 0.07) to be higher in the birds of the SEWS group.
Effect of Fiber Sources on the Digestive Enzymes
Results of the analysis of GIT digestive enzymes including the protease, amylase, lipase, and cellulase activity of microbial origin are shown in Table 5 . Almost all the protease activities of the GIT segments were higher (P < 0.05) in the birds of the CSS group than those in the other 3 groups, with lower (P < 0.01) amylase activities in their small intestine (duodenum, jejunum, ileum) and ceca. Lipase activity in the proventriculus was highest (P < 0.01) in the birds of the SEWS group and its activity in the ceca was lower (P < 0.01) in the birds of the SECS and SEWS groups than those in the CSS and SERS groups, along with a significantly higher (P < 0.01) lipase activity in the CSS group than the SERS group. Additionally, the birds of the SECS and SERS groups had a higher cellulase activity in the ceca than the other 2 groups, along with a higher (P < 0.01) rectal cellulase activity in the birds of the SERS group than those of the other groups.
Effect of Fiber Sources on the Intestinal Mucosa Morphology
Data concerning the villus height, crypt depth, and muscular thickness of the intestinal tract (duodenum, jejunum, ileum, and ceca) are presented in Table  6 . There were no statistically significant differences (P > 0.05) for these 3 indices across the groups, although the ratio (V/C) between villus height and crypt depth of the CSS group tended to be higher (P = 0.10) than the SEWS group.
DISCUSSION
Effect of Fiber Sources on the GIT Fermentation
Birds can only digest fiber through fermentation, mainly in the ceca (McNab, 1973) . It is reported that the ceca of geese are functionally similar to the rumen, which has a vital role in nutrient utilization, especially for fibrous feed. Their microbiota nourishes the animals with fermentation products such as VFA and NH 3 -N, which exert an important effect on the energy and protein supply (Montagne et al., 2003; Raninen et al. 2011 ). VFA is a major product derived from bacterial fermentation of undigested carbohydrate and fiber (Karaki et al., 2006) , to an extent indicating the fermentation status and microbial activity. NH 3 -N largely originates from deamination of amino acids of the dietary protein and endogenous nitrogen, which is generally used as a preferential nitrogen source by the carbohydrate-fermenting bacteria (Bryant, 1974) . It is necessary to maintain a proper environmental pH to support the functions of GIT microbiota, which is directly modulated by the feed and its fermentation products. Raninen et al. (2011) reported that different fiber sources affected VFA production in different segments of the GIT. In the current trial, different fiber sources resulted in distinct VFA profiles, particularly for those in the ceca. Similarly, Hsu et al. (1996) reported that the sources of dietary fiber significantly influenced the total VFA concentration of the ceca. Geese fed purified dietary fiber produced a higher concentration of cecal VFA than those fed fiber of natural origin. It was believed that differences in the composition and structures of various fiber sources may explain the discrepancy. Prins (1977) noted that the crystalline form was more difficult to degrade than the amorphous form and cellulose in plants generally exists in a loosely amorphous form, along with hemicellulose and other polymers in a highly crystalline form. In the present study, the resistant structure of lignocellulose was depolymerized by steam explosion, resulting in different proportions of various components, but no advantage appeared in the VFA production of steam-exploded straw. It is possible that the higher feed intake of the CSS group could partially account for this phenomenon. More detailed information regarding the animal growth performance of this study has been previously reported (He et al., 2014) . Additionally, there was a tendency for the birds of the CSS group to have a higher jejunum pH, which was coincident with their increased NH 3 -N concentration. Consistently, Raninen et al. (2011) reported that fiber sources contributed to the different digesta pH levels.
Effect of Fiber Sources on the Digestive Enzymes
It has been suggested that the model of hindgut fermentation in geese is somewhat similar to that in rabbits (Yu et al., 1998) , whose ceca do not secrete digestive enzymes and digestion proceeds by microbial fermentation or by residual enzymes from the small intestine. The substrates for cecal fermentation are mainly undigested starch and a-c Different letters within a row represent significant differences (P < 0.05).
non-starch-polysaccharides. Yu et al. (1998) noted that high amylase activities in the intestinal contents reflected a large amount of starch available for microbial growth, while the activities of cellulases indicated active populations of cellulolytic bacteria. It may be inferred that different fiber sources with different fermentation substrates would result in different enzyme activities.
In the current study, the effect of fiber sources on the digestive enzyme activities was mainly reflected in the protease and amylase, where the birds of the CSS group had a higher activity of protease and a lower activity of amylase. Indeed, corn straw silage contains a higher proportion of crude protein because of microbial fermentation, while steam explosion loosens the fiber structure and increases the saccharide content by depolymerizing the cell wall (Wang et al., 2009 ). Consequently, a higher substrate concentration may have a larger enzyme production. It was assumed that the cellulase activity in the digestive tract would show a difference across the groups because the different fiber sources had various fiber compositions, which might colonize distinctive populations of cellulolytic bacteria and induce different enzyme secretions. Mateos et al. (2012) concluded that the profile of the microbiota in the distal part of the GIT might be affected by the amount and type of dietary fiber, as well as the composition of the basal diet. In the present study, the cellulase activities of the large intestine were different, the birds of the CSS group being the lowest and those of the SERS group being the highest. This suggests that the various profiles of different fiber sources contributed to the distinctive GIT microbiota (Dunkley et al., 2007) , especially that in the ceca, resulting in a different cellulase. Jiménez-Moreno et al. (2011) reported that Lactobacillus counts in the crop increased with the inclusion of sugar beet pulp in the diet of broilers, but not with the inclusion of oat hull. The counts of C. Perfringens and Enterobacteriaceae in the ceca decreased significantly with oat hull inclusion but were not affected by sugar beet pulp. 
Effect of Fiber Sources on the Intestinal Mucosa Morphology
The intestine is where the digestion and absorption of nutrients proceed and its health status will directly affect nutrient metabolism, consequently influencing growth and animal health (Pelicano et al., 2005; Leung, 2014) . The indices commonly used to evaluate the intestinal mucosa morphology include the villus height, crypt depth, muscularis thickness, etc (Montagne et al., 2003; Pelicano et al., 2005) . Villi have the primary function of intestinal absorption of nutrients, the heights of which are positively correlated to the capacity for intestinal absorption. Crypts are the parts of the villi in which the division of stem cells takes place, allowing for the replacement of epithelial cells (Iji et al., 2001) . The ratio between villus height and crypt depth is a useful criterion for estimating the absorptive capacity of the small intestine. A high ratio is indicative of better function and maturity of the intestinal mucosa (Hampson, 1986) . It is clear that a well-developed intestinal mucosa is a prerequisite for an excellent growth performance.
Jiménez-Moreno et al. (2011) reported an improvement in the villus height:crypt depth ratio in broilers with the inclusion of 2.5% of pea hulls. Furthermore, Sklan et al. (2003) reported that the surface area of the small intestine of turkeys increased as the level of dietary fiber increased. These results indicated that fiber inclusion benefited the absorptive capacity. However, the current trial showed that the fiber sources did not affect the gut morphology. Chiou et al. (1994) indicated that the type of fiber components influenced villus height and muscle layer thickness of the jejunum and colon, and crypt depth in the duodenum and ileum in rabbits. Jamroz et al. (1992) reported that geese fed on a beet pulp diet had an increased villus length in the large intestine and feeding a large proportion of rye also resulted in an increase in the thickness of the mucosal wall, while feeding rapeseed meal decreased the thickness of the intestinal wall. The lack of effect of the different dietary fiber sources on intestinal morphology is not well understood. The effect of dietary fiber on epithelial morphology and cell turnover is variable, and depends on the physicochemical characteristics of the fiber, their level of incorporation in the diet, the duration of ingestion, etc (Montagne et al., 2003) .
CONCLUSIONS
The influence of the 4 fiber sources on the gastrointestinal fermentation, digestive enzyme activity, and mucosa morphology of growing Greylag geese was mainly reflected in the pH value and NH 3 -N concentration in the jejunum, cecal VFA profile, and the activities of GIT protease and amylase. In conclusion, these results suggest that the dietary fiber source has a notable influence on gastrointestinal fermentation and digestive enzyme activity, and corn straw silage benefits protein supply while steam-exploded straw (SECS, SEWS, and SERS) benefits energy.
